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Abstract 
This paper provides a fuzzy assessor that can be used to evaluate system architectures. The fuzzy assessor includes a 
method of assigning system architecture attribute values to the lower level subsystems using type 1 fuzzy sets and 
type 2 fuzzy sets. Each architecture attribute is evaluated at the lowest subsystem level and then mathematically 
rolled-up to provide the system level value for each architecture attribute. Then the value for each architecture 
attribute is combined into an overall system architecture performance value. This provides a mathematical method of 
qualitatively assessing a system architecture based on key architecture attributes. 
 
The fuzzy assessor uses the architecture attributes of reliability, robustness, affordability, flexibility, adaptability, and 
survivability as the key architecture attributes. The fuzzy assessor is implemented using MATLAB and is 
incorporated into a genetic algorithm. The Infantry Immersion Training Facility (IITF) is the domain for the 
architecture assessment using the Fuzzy Assessor with Type-2 Fuzzy Systems.   
 
© 2012 Published by Elsevier Ltd. Selection  
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1. Introduction 
In order to assess a system architecture, the basis for the assessment must be defined. A system 
architecture has certain characteristics or attributes that are consistent with the domain in which the 
architecture must exist. For this paper the domain is the Infantry Immersion Training Facility (IITF) and 
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architecture characteristics that are important in this domain are Adaptability, Affordability, Flexibility, 
Reliability, Robustness, and Survivability.  
 
The IITF is a system used to train ground forces how to deal with the modern urban combat situations. 
The IITS is comprised of a control station, gear worn by the soldier during training, and a facility that is a 
mock up of the typical urban combat zones. Soldiers are trained in an environment similar to what they 
will find in-theatre.  
2. Background 
A system has both a functional and a physical architecture [1]. While some papers assess the functional 
architecture [2], this paper presents a method for assessment of a physical architecture. A physical 
architecture is necessarily tied to the physical elements of the system and so the architecture attributes are 
defined in terms of physical elements of the system. The goal is to find the best physical architecture.  
 
The genetic algorithm has been used to converge to the best possible functional architecture [2]. The 
genetic algorithm is designed to converge to the fittest solution. The goal of this paper is to use the genetic 
algorithm with a type-2 fuzzy assessor to converge to the fittest physical architecture. The key in any 
genetic algorithm implementation is the characterization of the problem in terms of a chromosome. Once 
the physical architecture is defined in the form of a chromosome, the genetic algorithm can be used to 
converge to the fittest physical architecture.  
 
This research uses a genetic algorithm downloaded from the MATLAB web site [3] but modified to 
use the developed Fuzzy Assessor and Type-2 Fuzzy Systems. The architecture search is based on the 
architecture assessment which considers the architecture attributes of Adaptability, Affordability, 
Flexibility, Reliability, Robustness, and Survivability.  
2.1. Definitions 
In order to assess a system architecture the basis for the assessment must be defined. A system 
architecture has certain characteristics or attributes that are consistent with the domain in which the 
architecture must exist. For this paper the domain is the IITF and architecture characteristics that are 
important in this domain are Adaptability, Affordability, Flexibility, Reliability, Robustness, and 
Survivability. A physical architecture is necessarily tied to the physical elements of the system and so the 
architecture attributes are defined in terms of the physical elements of the system. Due to space 
limitations, only the definition for the Adaptability architecture attribute is included here.  
2.1.1. Adaptability 
 
Adaptability is the ease with which the system can be changed to accommodate a different training 
scenario. In the domain of IITF, the current combat environment changes as soldiers are deployed to 
different locations. The IITF must be capable of adapting to the new combat environments and so the 
characteristic of Adaptability is a consideration in the architecture assessment. Specifically Adaptability 
refers to how easily the IITF could be changed to a new country or location; e.g. how easily can the IITF 
be changed from representing an Iraqi village to representing an Afghanistan village. Adaptability in this 
context is then directly related to the number of any one object available where an object can be a laser 
gun, holographic image, wireless relay, etc. Objects are defined as the entities that make up the IITF. The 
more of any one object available, the more the IITF can be adapted to a new country. The other 
architecture attributes are similarly defined in terms of the physical nature of the system. 
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3. Approach 
The first step was to determine the physical entities or objects that could possibly comprise the system. 
An object-oriented systems approach [4] was used to identify all the objects in the system. The objects so 
identified were: Environment, Command Center, and Soldier. As the objects were refined, more specific 
objects were then defined within each of the Environment, Command Center, and Soldier objects. The 
Environment contained the following objects: 
 Laser Guns 
 Moving Figures 
 Holographic Images 
 Wireless Relays 
The Command Center contained the following objects: 
 Actors 
 Computers 
 Memory 
 Disk Space 
The Soldier contained the following objects: 
 Haptic Sensation 
 Sensors 
 Camera 
Once all the objects were identified, each object was considered in terms of the architecture attributes 
of Adaptability, Affordability, Flexibility, Reliability, Robustness, and Survivability. It was necessary to 
perform a fuzzification of the physical objects into linguistic variables that can be recognized by the 
Fuzzy Systems. For each physical object, a fuzzification was performed and for each architecture 
attribute, a Fuzzy System was developed. Table 1 shows the fuzzification of the physical objects in terms 
of the Adaptability attribute. For example, a number of laser guns greater than 20 would fuzzify into a
“Very” value for the Adaptability Fuzzy System.  Similar tables exist for the other attributes, but are not 
shown here due to space limitations. 
Table 1. Fuzzification of the physical objects in terms of Adaptability attribute 
Environment None Some Adaptable Very
Laser Guns <5 >5 >10 >20
Moving Figures <10 >10 >20 >30
Holographic Images <5 >5 >15 >30
Wireless Relays <5 >5 >10 >20
Command Center
Actors <2 >2 >5 >10
Number of Computers <2 >2 >5 >10
Amount of Memory <10 gigs >10 gigs >20 gigs >30 gigs
Amount of Disk Space <250gigs >250gigs >500gigs >1000gigs
Soldier
Haptic Sensation none hit somewhere quadrant of hit exact location of hit
Number of Sensors <10 >10 >25 >50
Camera 0 >1 >2 >4
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4. Fuzzy Systems 
For each architecture attribute a Fuzzy System was defined using the objects in the IITF. Figure 1 
shows the Fuzzy System for Adaptability. Similar graphs exist for the each architecture attribute.  
 
 
Figure 1. Fuzzy System for Adaptability   
5. Fuzzy Assessor 
The Fuzzy Assessor includes the fuzzification of the physical objects into linguistic variables; the 
Fuzzy Systems; and the defuzzification from Fuzzy Systems into a fitness value. The Fuzzy values for all 
the architecture attributes are combined into an overall performance by using the Enhanced Karnik-
Mendel (EKM) algorithms in [5]. EKM algorithms provide a centroid left and a centroid right for the 
defuzzification of Interval Type-2 (IT2) Fuzzy Systems. The centroid left and centroid right are then 
averaged to get the fitness value of the architecture.  
The Fuzzy values for all the architecture attributes are combined into an overall performance by using 
the Enhanced Karnik-Mendel (EKM) algorithms in [5]. EKM algorithms provide a centroid left and a 
centroid right for the defuzzification of Interval Type-2 (IT2) Fuzzy Systems. The centroid left and 
centroid right are then averaged to get the fitness value of the architecture.  
The EKM algorithm uses a Fuzzy System for the Weights for each attribute. The Weights Fuzzy 
Systems can be adjusted according to customer preferences. For example, a customer might consider 
Affordability to be very important and in that case the Fuzzy Weight for Affordability would be 
“very_weight”. Figure 2 shows the design of the Fuzzy Assessor. 
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Figure 2. Fuzzy Assessor 
The Fuzzy Assessor was developed in MATLAB and included Fuzzy Systems for all of the 
architecture attributes and for the weights. The Fuzzy Assessor was executed to determine the best 
architecture from a population of architectures. The genetic algorithm was used to provide a population of 
architectures each of which is assigned an assessment value using the Fuzzy Assessor.  
The EKM algorithm uses a Fuzzy System for the Weights for each attribute. The Weights Fuzzy Systems 
can be adjusted according to customer preferences. For example, a customer might consider Affordability 
to be very important and in that case the Fuzzy Weight for Affordability would be “very_weight”. 
Fuzzy Assessor was developed in MATLAB and included Fuzzy Systems for all of the architecture 
attributes and for the weights. The Fuzzy Assessor was executed to determine the best architecture from a 
population of architectures. The genetic algorithm was used to provide a population of architectures each 
of which is assigned an assessment value using the Fuzzy Assessor.  
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6. Results and Conclusion 
Figure 3 shows the convergence of the genetic algorithm using the Fuzzy Assessor as the fitness 
function. The Fuzzy Assessor demonstrates that a best fit physical architecture can be determined based 
on the architecture attributes and on the importance that the customer places on each architecture 
attribute.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. Results of Fuzzy Assessor as Fitness Function in Genetic Algorithm      
The Fuzzy Assessor provides a method of assessing the physical architecture of a system using Type-1 
and Type-2 Fuzzy Systems. The Fuzzy Assessor as implemented in MATLAB runs efficiently and does 
not impact the run time of the genetic algorithm. 
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